In this study, the effects of alkaline and silane surface treatments on the tensile property of jute fiber were investigated. Surface treatments were conducted in distilled water with 1 to 5% concentrations at room temperature (RT) for two hours. A quasi-static tensile test was conducted. Environmental temperatures were RT, 50°C and 100°C. As a result, the tensile strengths of 1% alkaline treated jute fiber were higher than those of virgin materials under all environmental temperatures. The Young's modulus of alkaline treated jute fiber under 50°C was higher than that of virgin material. The Young's modulus of alkaline treated jute fiber under 50°C was higher than that of virgin material. But, Young's modulus of alkaline treated jute fiber under 100°C almost did not change. It is thought that the tensile property of jute fiber was affected by the rate of cellulose in jute fiber after alkaline treatment. On the other hand, the tensile strength of silane treated jute fiber under RT was higher than that of virgin materials. Tensile strength of silane treated jute fiber under 50°C and 100°C almost did not change. Young's modulus of silane treated jute fiber under RT was higher than that of virgin material except for 5% concentration. And, Young's modulus of silane treated jute fiber under 50°C was higher than that of virgin materials. But, Young's modulus of silane treated jute fiber under 100°C almost did not change. Therefore, the tensile property of jute fiber at less than 50°C was affected by silane treatment because of the coupling silanol group with a surface of jute fibers.
Introduction
Green composite material, which is composed of biodegradable resin and natural fiber, has been studied about molding [1, 2] and mechanical properties [3] [4] [5] [6] [7] as alternative material to glass fiber reinforced plastic. Green composite material is used as a door trim ornament of interior parts [8] . But, the mechanical properties of green composite material as interior parts probably decrease due to temperature in a car. And the mechanical properties of green composites are low. So, many papers reported that mechanical properties of green composites were improved by surface treatment [9] [10] [11] . Katogi et al. [12] reported that flexural properties of green composites using alkaline and silane treated jute fiber were higher than that of virgin material under room temperature (RT). But, the flexural property of green composite material by using alkaline treated jute fiber was lower than that of virgin material under 50°C.
There is a report on the tensile property of surface treated natural fiber as reinforcement. Reddy et al. [13] reported that tensile strength of borassus fruit fine fiber increased 66% by alkaline treatment. Sreekala et al. [14] reported that the tensile strength of oil palm fiber increased 10% by silane treatment. However, there are few reports about the tensile property of alkaline and silane treated natural fiber under environmental temperature.
In this study, the effects of alkaline and silane treatments on the tensile property of jute fiber under environmental temperature were investigated.
Specimen
Jute fiber was used as specimen. The jute fiber consists of elementally fibers. of the elementary fiber are cellulose (63%), lignin (14%), hemicelluloses (22%) and so on [15] . Jute fiber was treated by two surface treatments; alkaline treatment and silane treatment. Surface treatments were conducted in distilled water with 1% to 5% concentrations at room temperature (RT) for 2hours. In case of alkaline treatment, jute fiber was washed in distilled water with 1% acetic acid for neutralization. After surface treatments, surface treated jute fiber was dried at 50°C for 24hrs. Figure 2 shows a schematic drawing of the specimen.
Testing method

Thermal mechanical analysis
Thermal mechanical analysis (TMA) of surface treated jute fiber was conducted. The load was 0.1N. The environmental temperature was 30°C to 160°C. The heating rate was 5°C/min. The number of specimens was five.
Quasi-static tensile test
Quasi-static tensile test was conducted. The crosshead speed was 1 mm/min. Environmental temperatures were RT, 50°C and 100°C. The number of specimen was thirty. Cross sectional area at break point of jute fiber was estimated by elliptical approximation using photograph of specimen before quasi-static tensile test. The tensile strength was calculated by Weibull distribution. Young's modulus was calculated by using cross sectional area at seven points. Figure 4 shows the cross sectional area of jute fibers. The cross sectional area of jute fiber decreased with an increase of concentration of alkaline solution. On the other hand, cross sectional area of silane treated jute fiber increased a little. In case of alkaline treatment, hemicelluloses in jute fiber dissolved [15] . In the case of silane treatment, fiber surface was coupled with silanol group [16] . Therefore, the cross sectional area of jute fiber can be affected by both surface treatments. Figure 5 shows the tensile properties of alkaline treated jute fibers. The tensile strength of alkaline treated jute fiber showed the maximum value in 1% concentration under all environmental temperatures. Young's modulus of alkaline treated jute fiber under RT showed the maximum value in 1% concentration. The Young's modulus of alkaline treated jute fiber under 50°C was higher than that of virgin material. But, Young's modulus of alkaline treated jute fiber under 100°C almost did not change. The rate of cellulose in jute fiber was probably increased by decrease of cross sectional area of jute fiber after alkaline treatment. Therefore, it is thought that the tensile property of jute fiber at less than 50°C was affected by alkaline treatment. Figure 6 shows the tensile property of silane treated jute fibers. The tensile strength of silane treated jute fiber under RT was higher than that of virgin materials. The tensile strength of silane treated jute fiber under 50°C and 100°C almost did not change. Young's modulus of silane treated jute fiber under RT was higher than that of virgin materials except for 5% silane concentration. And Young's modulus of silane treated jute fiber under 50°C was higher than that of virgin materials. But, Young's modulus of silane treated jute fiber under 100°C almost did not change. Therefore, it is thought that the tensile property of jute fiber at less than 50°C was affected because of fiber surface coupled with silanol group [16] . 
Cross sectional area and tensile property
Conclusions
In this study, the effects of alkaline and silane treatments on the tensile property of jute fiber under environmental temperature were investigated. As a result, the following conclusions are obtained. 1. Coefficient linear expansions of alkaline and silane treated jute fibers were lower than that of virgin material at less than 140°C. That is, the effect of surface treatments to thermal expansion property is confirmed. 2. Tensile strengths of 1% alkaline treated jute fiber were higher than those of virgin materials under all environmental temperatures. Among alkaline treated jute fiber, Young's modulus in 1% concentration was the highest at RT condition. The Young's modulus of alkaline treated jute fiber under 50°C was higher than that of virgin material. On the other hand, Young's modulus of alkaline treated jute fiber under 100°C almost did not change. In case of alkaline treatment, the rate of cellulose in jute fiber was probably increased by decrease of cross sectional area of jute fiber. Therefore, this rate change of cellulose can affect the tensile property of jute fiber at less than 50°C under alkaline treatment condition. 3. Tensile strengths of silane treated jute fiber under RT were higher than that of virgin materials. However, the tensile strength of silane treated jute fiber under 50°C and 100°C almost did not change. Young's modulus of silane treated jute fiber under RT was higher than that of virgin materials except for 5% silane concentration. And Young's modulus of silane treated jute fiber under 50°C was higher than that of virgin materials. But, Young's modulus of silane treated jute fiber under 100°C almost did not change. Therefore, the tensile property of jute fiber at less than 50°C was affected by silane treatment because of the coupling silanol group with a surface of jute fibers.
